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Objective. To evaluate the presence of spinal 
inflammation with and without sacroiliac (SI) joint 
inflammation on magnetic resonance imaging (MRI) in 
patients with active nonradiographic axial spondylo- 
arthritis (SpA), and to compare the disease character- 
istics of these subgroups. 
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Methods. ABILITY- 1 is a multicenter, random- 
ized, controlled trial of adalimumab versus placebo in 
patients with nonradiographic axial SpA classified us- 
ing the Assessment of SpondyloArthritis international 
Society axial SpA criteria. Baseline MRIs were centrally 
scored independently by 2 readers using the Spondylo- 
arthritis Research Consortium of Canada (SPARCC) 
method for the SI joints and the SPARCC 
6-discovertebral unit method for the spine. Positive 
evidence of inflammation on MRI was defined as a 
SPARCC score of ^2 for either the SI joints or the spine. 

Results. Among patients with baseline SPARCC 
scores, 40% had an SI joint score of s2 and 52% had a 
spine score of &2. Forty-nine percent of patients with 
baseline SI joint scores of <2, and 58% of those with 
baseline SI joint scores of &2, had a spine score of a2. 
Comparison of baseline disease characteristics by base- 
line SI joint and spine scores showed that a greater 
proportion of patients in the subgroup with a baseline 
SPARCC score of ^2 for both SI joints and spine were 
male, and patients with spine and SI joint scores of <2 
were younger and had shorter symptom duration. 
SPARCC spine scores correlated with baseline symptom 
duration, and SI joint scores correlated negatively with 
the baseline Bath Ankylosing Spondylitis Disease Activ- 
ity Index, but neither correlated with the baseline Anky- 
losing Spondylitis Disease Activity Score, total back pain, 
the patient's global assessment of disease activity, the 
Bath Ankylosing Spondylitis Functional Index, morning 
stiffness, nocturnal pain, or C-reactive protein level. 

Conclusion. Assessment by experienced readers 
showed that spinal inflammation on MRI might be 
observed in half of patients with nonradiographic axial 
SpA without SI joint inflammation. 
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Magnetic resonance imaging (MRI) has become 
an important tool in the evaluation of patients with 
rheumatic diseases both in clinical trials and in daily 
clinical practice (1-6). The use of MRI in clinical 
practice has had a particularly notable impact on the 
investigation of patients with axial spondyloarthritis 
(SpA). Prior to MRI, there was reliance on radiographs 
as the most important imaging tool for identifying 
patients with sacroiliitis. With MRI, inflammation in the 
axial skeleton can now be visualized even in the absence 
of radiographic damage (7,8). 

The Assessment of SpondyloArthritis interna- 
tional Society (ASAS) has established classification stan- 
dards for patients with axial SpA, including patients with 
and without radiographic sacroiliitis (9,10). The imaging 
arm of the ASAS criteria requires the presence of 
sacroiliitis on MRI or radiography in addition to 1 SpA 
feature for patients with chronic low back pain with the 
onset of back pain at age ^45 years. Positive MRI 
findings for sacroiliitis characteristic of SpA were further 
defined by the ASAS/Outcome Measures in Rheumatol- 
ogy MRI working group as the presence of bone marrow 
edema highly suggestive of SpA, with >1 bone marrow 
edema lesion on a single slice or 1 bone marrow edema 
lesion present on at least 2 consecutive slices (11). 

The ASAS classification criteria for axial SpA 
were specifically developed to facilitate the conduct of 
clinical trials. Fulfillment of the imaging arm of the 
criteria takes into account the presence of MRI- 
documented inflammation only in the sacroiliac (SI) 
joints, but not in the spine (10). In daily clinical practice, 
MRI findings can be useful in confirming a clinical 
diagnosis of nonradiographic axial SpA and detecting 
objective evidence of active inflammation in patients 
with an established diagnosis of nonradiographic axial 
SpA (7,8). However, a sensitivity of MRI of only 38% for 
biopsy-proven sacroiliitis was reported (12). 

Inflammation of the axial skeleton in nonradio- 
graphic axial SpA may involve the SI joints and/or spine. 
In the ASAS criteria validation study, eligibility criteria 
did not include a specified disease activity level. Of the 
130 patients diagnosed as having axial SpA who under- 
went MRI of the SI joints and spine, only 5.4% had 
active inflammation in the spine but not in the SI joints 
(10). In the present study of patients with nonradio- 
graphic axial SpA who had active disease, we evaluated 
the presence of spinal inflammation on MRI at baseline 
among these patients with and without sacroiliitis on 
MRI, and we compared the disease characteristics of 
these patient subgroups. 



PATIENTS AND METHODS 

Patients. ABILITY-1 (NCT00939003) is an ongoing 
phase III, multicenter, randomized, controlled trial of adali- 
mumab versus placebo in patients at least 18 years of age with 
nonradiographic axial SpA classified using the ASAS axial SpA 
criteria (10) who had an inadequate response to, intolerance 
to, or contraindication for nonsteroidal antiinflammatory 
drugs (13). As part of the assessment for fulfillment of the 
ASAS criteria, investigators reported whether or not patients 
had MRI evidence of active inflammatory lesions of the SI 
joints on either a prior or current MRI scan with definite bone 
marrow edema/osteitis highly suggestive of sacroiliitis. Active 
nonradiographic axial SpA was defined as a total back pain 
score of &4 cm on a 0-10-cm visual analog scale (VAS) and a 
Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) 
(14) score of >4 cm on a 0-10-cm VAS. Patients were 
excluded if they had a diagnosis of ankylosing spondylitis (AS) 
as defined by the modified New York criteria (15), past or 
present diagnosis of psoriasis or psoriatic arthritis, or prior 
exposure to biologic therapy. 

MRI assessments. MRI of the SI joints and spine was 
performed at baseline. Images were scored, using the Spondy- 
loarthritis Research Consortium of Canada (SPARCC) 
method for SI joints (16) and the SPARCC 6-discovertebral 
unit (6-DVU) method for the spine (17), independently by 2 
central readers who were blinded with regard to time point and 
treatment. Scoring of the spine MRI was completed by the 
readers before seeing and scoring the corresponding MRI 
scans of the SI joints from the same time point. The mean 
scores from the 2 readers were used. 

Six consecutive coronal slices were selected as repre- 
senting the synovial compartment of the SI joints. Each SI 
joint, left and right, was divided into quadrants for a total of 8 
per coronal slice. Each quadrant was assessed and scored for 
the presence (scored 1) or absence (scored 0) of bone marrow 
edema. Each coronal slice per SI joint was also given an 
additional score of 1 for the presence of an "intense" signal 
and an additional score of 1 for a "deep" lesion, defined as a 
homogeneous, unequivocal increase in signal >1 cm from the 
articular surface. The maximum possible score for all SI joints 
across 6 slices was 48 for the presence of bone marrow edema, 
12 for intense edema, and 12 for deep edema, for a maximum 
possible total score of 72 (16). 

For the spine, the 6 most severely affected DVUs were 
selected by an independent reviewer who did not perform the 
scoring. Each DVU was divided into 4 quadrants, with each 
quadrant assessed for the presence (scored 1) or absence 
(scored 0) of bone marrow edema. Each quadrant was scored 
on 3 consecutive sagittal slices per DVU, yielding a maximum 
possible score of 12 per DVU for bone marrow edema. Each 
sagittal slice per DVU was given an additional score of 1 for 
the presence of an "intense" signal and an additional score of 
1 for a "deep" lesion, defined as a homogeneous, unequivocal 
increase in STIR signal >1 cm from the vertebral end plate. 
The maximum possible score for all 6 DVUs was 72 for the 
presence of bone marrow edema, 18 for intense edema, and 18 
for deep edema, for a maximum possible total score of 108 
(17). 

Intra- and interreader reliability of baseline scores for 
MRI SPARCC scoring of both the SI joints and spine was 
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Table 1. Baseline demographic and clinical characteristics of the patients by baseline MRI evidence of SI joint and/or spine inflammation* 

SI joint score <2 SI joint score 2:2 

Spine score <2 Spine score 2:2 Spine score <2 Spine score 2:2 







(n = 56) 




(n = 53) 




(n = 30) 




(n = 42) 


Female, % 




60.7 




62.3 




56.7 




35.7 


White, % 




98.2 




98.1 




100.0 




97.6 


Age, years 


35.3 


± 9.6 (19.0-63.0) 


40.5 


± 11.8 (19.0-72.0) 


35.9 


± 9.2 (21.0-59.0) 


39.6 


± 11.4 (19.0-65.0) 


Symptom duration, yearst 


7.9 


+ 6.4 (0.2-24.2) 


11.6 


± 10.3 (0.6-42.4) 


11.0 


± 9.0 (0.8-38.2) 


10.6 


± 9.4 (0.4-38.0) 


Duration since diagnosis, years 


3.0 


± 4.4 (0.1-18.1) 


2.9 


± 4.1 (0.1-21.2) 


2.4 


± 3.1 (0.1-11.3) 


3.0 


± 4.2 (0.1-17.0) 


Sacroiliitis on MRI, past or present, reported 




37.5 




32.1 




70.0 




69.0 


by the investigator, % 


















HLA-B27 positive, % 




76.8 




84.9 




80.0 




71.4 



* Except where indicated otherwise, values are the mean ± SD (range). MRI = magnetic resonance imaging. 

t n = 52 for sacroiliac (SI) joint score <2 and spine score <2, and n = 28 for SI joint score 2:2 and spine score <2. 



assessed. Interreader correlations for the SI joints and spine 
were based on images from 177 and 176 patients, respectively. 
Intrareader correlations were based on a subset of 9 patients 
whose MRIs were reread by the same reader. 

Statistical analysis. All patients were combined in 
these analyses, regardless of randomized treatment assign- 
ment. Analyses were performed only on baseline data obtained 
prior to randomization to study treatment. For the purpose of 
this analysis, positive evidence of inflammation on MRI was 
defined as an MRI SPARCC score of >2 for either the SI 
joints (11) or spine. Scoring of the baseline MR images was 
already completed when these cutoffs were determined. De- 
scriptive statistics are presented for baseline demographic and 
clinical characteristics. Linear regression analysis was used to 
analyze the correlation of MRI SPARCC score with symptom 
duration and baseline disease activity measures. Analysis of 
variance was used to determine the intraclass correlation 
coefficient (ICC) for intra- and interreader reliability of MRI 
SPARCC scores. In addition, we evaluated agreement between 
readers' assessment of the spine or SI joint in terms of a 
SPARCC score of <2 versus >2. 

RESULTS 

Intra- and interreader reliability was strong for 
baseline SPARCC spine and SI joint MRI scores. The 
ICCs for intrareader reliability for SPARCC spine 
scores were 0.90 and 0.86 for readers 1 and 2, respec- 
tively. The ICCs for intrareader reliability for SPARCC 
SI joint scores were 0.70 and 0.92, respectively. The ICC 
for interreader reliability was 0.90 for SPARCC spine 
scores and 0.95 for SI joint scores. The 2 readers agreed 
on the assessment of the baseline MRI of the spine in 
terms of SPARCC score <2 versus >2 for 84% of the 
cases, and the 2 readers agreed on SPARCC SI joint 
scores for 79% of the cases. 

At baseline, 89 of the 185 study patients (48%) 
were reported by the investigator to have past or present 
MRI evidence of sacroiliitis as required by the ASAS 
axial SpA criteria. A total of 181 patients had available 



baseline SPARCC MRI scores for both the SI joints and 
the spine (Table 1), with 72 patients (40%) having a 
baseline SPARCC SI joint score of s2 and 95 patients 
(52%) having a baseline SPARCC spine score of >2. Of 
the 109 patients with a baseline SI joint score of <2 and 
the 72 patients with an SI joint score of >2, 53 patients 
(49%) and 42 patients (58%), respectively, had evidence 
of spinal inflammation with a baseline SPARCC spine 
score of >2. 

Compared to the other subgroups, a greater 
proportion of patients in the subgroup with a baseline 
SPARCC score of s2 for both SI joints and spine were 
male (Table 1). The mean age was lower in the subgroup 
with a SPARCC spine score of <2. 

In the overall study population, the mean dura- 
tion of SpA symptoms was —10 years. Mean symptom 




Figure 1. Spondyloarthritis Research Consortium of Canada 
(SPARCC) sacroiliac (SI) joint and spine magnetic resonance imaging 
scores by duration of spondyloarthritis symptoms. 
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Table 2. Baseline disease activity by baseline evidence of SI joint and/or spine inflammation* 







SI joint 


score <2 


SI joint 


score 2:2 




Spine score <2 


*\ninp ecnrp 


*\r>inp SPPiTP <"9 


*sninp sporp >9 








(n — 53) 


(n — iu) 


(n - 42) 


SPARCC SI joint score, 0-72 


0.4 


± 0.5 (0.0-1.5) 


0.5 ± 0.6 (0.0-1.5) 


8.5 ± 6.7 (2.0-25.0) 


14.0 ± 15.4 (2.0-60.5) 


SPARCC spine score, 0-108 


0.5 


± 0.5 (0.0-1.5) 


7.4 ± 5.5 (2.0-27.5) 


0.4 ± 0.5 (0.0-1.5) 


8.4 ± 6.9 (2.0-29.5) 


BASDAI, 0-10-cm VAS 


6.6 


± 1.4 (1.9-9.9) 


6.6 ± 1.7 (1.6-10.0) 


6.0 ± 1.4 (4.0-8.6) 


6.4 ± 1.5 (2.9-9.3) 


ASDASt 


3.2 


± 0.8 (1.4-5.1) 


3.3 ± 0.8 (2.0-4.8) 


3.3 ± 0.8 (2.0-5.1) 


3.4 ± 0.7 (2.1-5.3) 


Total back pain, 0-10-cm VAS 


7.1 


± 1.6 (3.4-10.0) 


7.1 ± 1.7 (2.4-10.0) 


6.6 ± 1.8 (1.4-9.8) 


6.8 ± 1.8 (1.9-9.9) 


Patient's global assessment of disease 


6.8 


± 1.7 (3.4-9.6) 


6.8 ± 2.0 (1.6-10.0) 


6.7 ± 1.9 (1.9-9.5) 


6.8 ± 1.6 (3.4-10.0) 


activity, 0-10-cm VAS 












BASFI, 0-10-cm VASt 


4.8 


± 2.2 (0.4-9.4) 


4.8 ± 2.3 (0.1-9.3) 


4.2 ± 2.1 (0.3-8.0) 


4.7 ± 2.0 (1.7-8.3) 


Inflammation (morning stiffness), 0-10- 


6.5 


± 1.9 (1.7-9.9) 


6.6 ± 2.1 (1.7-10.0) 


5.9 ± 2.2 (0.1-8.9) 


7.0 ± 1.9 (2.7-9.9) 


cm VAS§ 












Nocturnal back pain, 0-10-cm VAS 


6.6 


± 2.2 (0.50-9.9) 


6.6 ± 2.4 (0.0-10.0) 


6.1 ± 2.3 (0.0-9.3) 


6.5 ± 2.1 (2.1-10.0) 


C-reactive protein (pooled), mg/literU 


5.4 


± 8.6 (0.2-43) 


6.3 ± 9.7 (0.2-50.5) 


8.2 ± 10.1 (0.4-34.3) 


9.4 ± 14.6 (0.3-77.2) 


C-reactive protein (pooled), abnormal, % 




25.0 


37.7 


43.3 


38.1 



* Except where indicated otherwise, values are the mean ± SD (range). SPARCC = Spondyloarthritis Research Consortium of Canada; VAS = 

visual analog scale; ASDAS = Ankylosing Spondylitis Disease Activity Score; BASFI = Bath Ankylosing Spondylitis Functional Index. 

t n = 53 for sacroiliac (SI) joint score <2 and spine score <2, n = 52 for SI joint score <2 and spine score 2:2, n = 29 for SI joint score 2:2 and 

spine score <2, and n = 40 for SI joint score 2:2 and spine score 2:2. 

$ n = 52 for SI joint score <2 and spine sore 2:2. 

§ Mean of items 5 and 6 of the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI). 
H Includes both standard and high-sensitivity C-reactive protein values. 



duration was lower in the subgroup with an MRI 
SPARCC score of <2 for both SI joints and spine. 
Based on linear regression analysis, SPARCC spine 
scores were significantly associated with symptom dura- 
tion (P = 0.015), while SPARCC SI joint scores were 
not. Nonetheless, approximately one-third of patients 
with evidence of spinal inflammation (i.e., SPARCC 
spine scores of >2) regardless of the presence of SI 



Table 3. Pearson correlation coefficients for mean baseline 
SPARCC MRI scores and baseline disease activity variables* 

SI joint score Spine score 
Variable (n = 182) (n = 181) 



BASDAI 


-0.187t 


-0.030 


ASDASt 


0.022 


0.123 


Total back pain 


-0.105 


-0.069 


Patient's global assessment of disease 


-0.096 


0.017 


activity 






BASFI§ 


-0.105 


0.043 


Inflammation (morning stiffness)!! 


-0.028 


<0.001 


Nocturnal back pain 


-0.082 


0.063 


C-reactive protein (pooled)# 


0.094 


0.142 



* MRI = magnetic resonance imaging (see Table 2 for other defini- 
tions). 

fP = 0.01. 

t n = 175 for SI joint score, and n = 174 for spine score. 
§ n = 181 for SI joint score, and n = 180 for spine score. 
H Mean of items 5 and 6 of the BASDAI. 

# Includes both standard and high-sensitivity C-reactive protein 
values. 



joint inflammation had a symptom duration of <5 years 
(Figure 1). 

Fewer patients in the subgroup with a SPARCC 
score of <2 for both SI joints and spine had an elevated 
C-reactive protein (CRP) level at baseline compared to 



■ MRISP«CCSl|oln..cor.<2 




1 I ■ ■ ' ■ I 

5 * 15 » m M 

% patient* with edema score s 1 for each DVU 

Figure 2. Proportion of patients with a bone marrow edema score of 
at least 1 for each discovertebral unit (DVU) by baseline SPARCC SI 
joint magnetic resonance imaging (MRI) score, among those with 
inflammation evidenced on MRI of the spine (SPARCC score 2:2). 
C = cervical; T = thoracic; L = lumbar; S = sacral (see Figure 1 for 
other definitions). 
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Figure 3. Distribution of baseline SPARCC spine and SI joint mag- 
netic resonance imaging (MRI) scores. A, Cumulative probability of 
various baseline SPARCC spine scores by SPARCC SI joint score. 
B, Cumulative probability of various baseline SPARCC SI joint scores 
by SPARCC spine score. See Figure 1 for other definitions. 



the other subgroups (Table 2). Baseline disease activity 
measures such as the BASDAI and AS Disease Activity 
Score (ASDAS) (18) were similar regardless of the 
presence or absence of inflammation in the SI joints 
and/or spine. 

A small though significant negative correlation 
was noted between the SPARCC SI joint score and the 
BASDAI at baseline (r = -0.187, P = 0.01) (Table 3). 
No significant correlations were found between the 



baseline SPARCC SI joint or spine score and baseline 
ASDAS, total back pain, patient's global assessment of 
disease activity, Bath Ankylosing Spondylitis Functional 
Index (19), inflammation (morning stiffness), nocturnal 
back pain, or CRP level. 

The most frequently involved DVUs with bone 
marrow edema on MRI were found in the lower thoracic 
and lumbar spine regardless of the presence or absence 
of concurrent MRI sacroiliitis (Figure 2). 

The distribution of SPARCC spine scores ob- 
served was similar regardless of the presence or absence 
of SI joint inflammation on MRI (SI joint score of >2 or 
<2) (Figure 3A). However, greater SI joint inflamma- 
tion was observed among patients with evidence of 
inflammation in the spine (SPARCC spine score of >2) 
(Figure 3B). The distribution of SPARCC spine scores 
was similar in males and females. Greater SI joint 
inflammation was observed in males than in females 
(data not shown). 

DISCUSSION 

The findings described in this report confirm 
previously published data and add new insights to the 
growing body of literature on MRI in axial SpA. We 
showed that among patients with active nonradiographic 
axial SpA as defined by BASDAI and total back pain 
scores, spinal inflammation on MRI may be observed in 
half of those without MRI evidence of SI joint inflam- 
mation. Sex differences were noted in MRI findings. 
More males were in the subgroup with MRI evidence of 
inflammation of both the spine and SI joints at study 
entry. An observation that has important clinical rele- 
vance is the finding that SPARCC spine MRI scores 
correlated with symptom duration. Only approximately 
one-third of patients in this study with bone marrow 
edema in the spine regardless of the presence or absence 
of sacroiliitis seen on MRI had symptom duration of 
<5 years, but approximately two-thirds of patients had 
symptom duration of >5 years. Previous studies in 
patients with duration of axial SpA symptoms of <5 
years and MRI evidence of either SI joint or spine 
inflammation have shown lower percentages of patients 
with MRI evidence of spine inflammation than in our 
study (20,21). Although the patient populations in those 
studies were somewhat different from our patient pop- 
ulation, the data suggest that MRI evidence of spine 
inflammation in the absence of MRI evidence of SI joint 
inflammation may not be a lesser concern in patients 
with shorter symptom duration. 

The small but significant negative correlation 
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noted between the SPARCC SI joint score and the 
BASDAI is most likely a chance finding; this is under- 
scored by a lack of correlation of baseline SPARCC SI 
joint and spine scores with other baseline clinical disease 
activity measures in nonradiographic axial SpA. This is 
generally consistent with previous reports in patients 
with axial SpA (22-25). However, the lack of correlation 
with CRP level is surprising (22-25) and indicates that 
both CRP level and MRI findings should be considered 
in the evaluation for active disease in patients with 
nonradiographic axial SpA. The distribution of DVU 
involvement along the spine in our study population 
confirms previous findings that the thoracic and lumbar 
regions of the spine are the areas most frequently 
affected by inflammation in axial SpA (26-29). 

This study has several limitations. The study 
population had longstanding nonradiographic axial 
SpA. The scope of the analyses did not include evalua- 
tion of correlation of MRI findings with treatment 
response or change in disease activity. We used a 
definition of positive MRI evidence of active inflamma- 
tion in the spine — a SPARCC spine score of >2 — that 
has not been previously validated. The analyses were 
focused on evaluating MRI evidence of active inflam- 
mation in the spine and SI joints in patients with 
established nonradiographic axial SpA that is clinically 
active. Therefore, the findings and conclusions do not 
necessarily address the approach to imaging used in 
clinical practice when making a diagnosis of axial SpA. 
Typically, the SI joints are imaged first in the diagnostic 
evaluation of a patient in whom axial SpA is suspected. 
An important question for clinicians is whether imaging 
of the spine should be performed if the SI joint scan does 
not reveal axial SpA but the disease is strongly sus- 
pected. This study was not designed to address that 
important question. There was also no group of patients 
without axial SpA who served as a control for this 
exercise. 

In summary, spinal inflammation without evi- 
dence of SI joint inflammation on MRI was observed in 
patients with longstanding nonradiographic axial SpA. 
Further studies are needed to confirm these findings in 
patients with nonradiographic axial SpA with shorter 
symptom duration and to investigate the optimal use of 
SI joint and spine MRI in clinical practice for monitor- 
ing disease activity and response to therapy. 
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